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Abstract: To evaluate clinically and radiologicalliy the type of injury and to analyze the results of
closedbimalleolar ankle fractures treated withopen reduction and internal fixation. This is prospective study
done at Sri Ramachandra University, Chennai 2013to assess the functional and radiological outcome of closed
bimalleolar ankle fractures treated by open reduction and internal fixation. The duration of study was 18
months with a minimum follow up of 3 months to a maximum of 18 months. (Avg-12 months). Total number of
Patients assessed and evaluated in this study were 30. Patients were followed clinicallyand radiologically
evaluated at 6 weeks, 12 weeks, 24 weeks and thereafter, every year. Post-Operative evaluation of function and
radiological outcome was done using the Baird and Jackson scoring system. This score is based on the criteria
ofpain, stability of ankle, ability to walk, run and do work, ankle movements and radiological analysis.Based on
the Baird and Jackson scoring system, we graded our results as Excellent, Good, Fair and Poor. Our results
wereExcellent in 9 Cases (30%), Good in 11 Cases (37%), Fair in 4 Cases (13%) and Poor in 6 Cases (20%).
After open reduction, the medial malleolus was fixed using an implant based on type of fracture and the soft
tissue condition. Maximum medial malleoli fixation was done using cancellous screws alone (57%) and tension
band wiring (27%).After open reduction, the Lateral malleolus was fixed using an implant based on type of
fracture and the soft tissue condition.Maximum lateral malleoli fracture fixations done using plate fixation
(84%). Fewer cases were fixed with tension band wiring and K-Wire. One case was left unfixed and was
immobilized using a below knee POP slab for 3 weeks.A syndesmotic screw was needed to stabilize the
syndesmotic joint for 3 cases. Posterior malleolus needed operative fixation in 2 cases. All Patients were
evaluated pre-operatively by clinical and radiologicalmethods. The Fracture patterns were classified by the
mechanism of injury described by Lauge — Hansen. Our study showed a predominance of Supination — External
Rotation injuries (33%) followed by Pronation - External Rotation (27%), Pronation — Abduction (23%) and
17% of supination — adduction injury. Immediate open Reduction and Internal Fixation in ankle fractures yield
good results in terms of anatomical reduction, stability and Post Op functional return. Supination External
Rotation injury is the commonest mechanism of injury in our study.Patient operated early, only if soft tissue was
good,in order to have good functional outcome in closed ankle fractures. Delay in surgery tended to give a
poorer result.Good control of comorbidities decreased Post Op complications.Early return of ankle movements
Post OP with proper rehabilitation improved functional outcome®.After a year of surgery, most patients
experience little or mild pain and have certain restrictions of functional activities. Patients who needed
syndesmotic joint operative stabilization, had poorer outcomes at the end of one year as compared to those that
needed fixation of only bimalleolar fractures.

Keywords: Baird and Jackson scoring system, Lauge — Hansen Classification, Syndesmosis, Medial and
Lateral Mallelous.

. Introduction

It is important to note that right from 300 BC starting from Hippocrates many a detailed account is
available in the literature of ankle injuries. Sir Percival Pott (1714-1788),Tillauz (1872) (described fracture of
anterolateral margin of tibia implicating the anterior syndesmotic ligaments), Baron Dupuytren, J.G.
Maisonneuve have all greatly contributed to understanding of ankle injuries. However the problem of
understanding ankle injuries remained unsolved till the advent of x rays by Konard Roentgen (1895). Cotton
(1915) described malleolar fractures. In 1922 Ashurst and Bromer understood exact mechanism and classified
ankle injuries. In 1950, Lauge Hansen based on cadaveric experiments, clinical and radiological findings
derived a genetic classification. In 1972 Danis Weber classified the ankle injuries concentrating mainly over
fracture of fibula, which is accepted by AO/ASIF group.

The ankle injuries gained importance because body weight is transmitted though it and the locomotion
depends upon the stability of this joint. It must be realized that ankle injuries are mixed ones, ligamentous and
body failures due to deforming forces, thus the primary goal of treatment should be full restoration of anatomy
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and function of the ankle joint. Bohler in 1929 discussed the importance of accurate reduction and possible joint
motion. Though malleolar fractures are discussed extensively, the opinions in the treatment of these fractures
varies widely because of differences in classification reduction techniques and subjective symptoms at follow up
studies. Many of these fractures were managed by manipulative reduction and conservative treatment and have
yielded satisfactory results. Injuries like unstable syndesmotic diastasis, tri or bimalleolar fractures required
open reduction and fixation.

Il.  Aim Of The Study
To evaluate clinically and radiologicalliy the type of injury and to analyze the results ofclosedbimalleolar ankle
fractures treated withopen reduction and internal fixation.

I11.  Materials And Methods
This is prospective study done at Sri Ramachandra University, Chennai between April 2012- October
2013to assess the functional and radiological outcome of closed bimalleolar ankle fractures treated by open
reduction and internal fixation. The duration of study was 18 months with a minimum follow up of 3 months to
a maximum of 18 months. (Avg-12 months)
Total number of Patients assessed and evaluated in this study — 30

3.1: Method Of Selection

Inclusion Criteria

(i) Closed ankle fractures in adults

(if) Associated with subluxation & dislocation of the ankle joint.

Exclusion Criteria

(i) Open fractures.

(ii) Talar fractures.

(iii) Associated fractures of ipsilateral limb.

(iv) Pilon fractures.

(v) Children below 18 yrs.

(vi) Pathological fractures.

All patients were evaluated pre-operatively by clinical examination of the fracture site andradiologically using
the Lauge-Hansen classification.

3.2: Preoperative Protocol

Displaced, malleolar fractures often involve significant subluxation or dislocation of the tibiotalar joint.
To minimize pain, swelling and local trauma, such injuries were treated initially with analgesics, closed
reduction and immobilization using a below knee slab. This was followed by limb elevation using pillows to
reduce swelling. Prompt closed reduction of the ankle mortise decreases articular damage and in turn decreases
soft tissue swelling. Operative treatment wasusually delayed for a few days till the initial swelling had
subsided.If soft tissue injury like abrasions and lacerations or blisters were present, surgery was delayed until
the skin had healed. This was to minimize risk of infection post operatively. Patients were operated immediately
only if the patient presented immediately after injury and if skin over fracture site was healthy, provided general
condition of the patient was stable.

3.3: Operative Protocol

All Patients were operated under spinal or general anesthesia in a supine position with tourniquet control and
using image intensifier. The implants used were3,5 mm reconstruction plate, one third tubular plate,kirschner
wire, 3.5 mm DCP, LCP and tension band wiring for the fibula. Tension band wiring, locked compression plates
and 4mm partially threaded cancellous screws were used for the medicalmalleolus. And for the posterior
malleolus, a 4 mm cannulatedpartially threaded cancellous screwwith or without washer was used. A single 3.5
mm cortical screw was used in fixing of syndesmotic joint. Implants were selected based on the fracture pattern,
quality of the bone and surrounding soft tissue.

3.4: Choice And Planning Of Fixation

A satisfactory fixation technique must have a low risk of failure, must resist the forces that are likely to
causes re-displacement of the fracture and must not increase comminution or cause displacement during its
application.
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Lateral Malleolus

Weber Type A: The fracture is reduced, held with a reduction forceps and stabilized either by tension
band wiring or a lag screw.

Weber type B: After reduction, the fracture is fixed with one or two lag screws placed perpendicular to
the line of fracture. More commonly a plate is used to neutralize the rotational and axial forces on the fibula.
One-third tubular plate conforms to the curvature of the fibula and has a lower profile than the thicker DCP. The
fibular plate can also be placed posteriorly as an antiglide plate to resist posterior migration and rotation of the
distal fragment.

Weber type C: Transverse fibular fractures are reduced and fixed with a one-third tubular plate,
Reconstruction plate or narrow 3.5 mm DCP to resist migration and rotation of the distal fragment.

Anatomic reduction of the fibula will usually restore the mortise and additional fixation of the syndesmosis may
not be needed, especially if the fibular fracture is within 3 to 4 cm of the joint. Fractures of the proximal fibula
need not be internally fixed.

Medial Malleolus: Avulsion fractures of the medial malleolus are reduced and fixed with either a
tension band technique or cancellous screws. A fracture above the deltoid attachment is reduced and
provisionally stabilized with K wires placed perpendicular to the fracture. Each wire is then removed and
replaced with a 4mm partially threaded cancellous screw. Two points of fixation are needed to control rotation
of the medial malleolar fragment and either two screws or a combination of a screw and a K-wire are used.

Posterior Malleolus: Open reduction and internal fixation has generally been recommended when
more than 25% of the posterior articular surface is involved or the fracture is displaced more than 2mm. The
decision to fix the posterior fragment is based on the amount of residual displacement after reduction of the
fibula. A partially threaded 4 mmcannulatedcancellous screw with or without washer is used by with anterior or
posterior approach.

Anterior Malleolus: Indications for operative treatment are the same as that for posterior malleolus
Lag screws alone are usually sufficient for fixation, but a buttress plate may be needed if the fragment extends
into the distal shaft of the tibia.

Syndesmotic Injury: yndesmotic stability is checked by laterally displacing the fixed distal fibula
from the tibia while observing the relationship of the two bones. If more than 2 to 4 mm of lateral shift of the
talus occurs then instability is present. More recent studies have shown that anatomic reduction of the fibula,
especially if the fracture is within 4 mm of the joint, usually reduces the talus in the mortise and restores
stability to the syndesmosis. Intraoperatively, syndesmotic instability can be assessed by the Cotton test.

The syndesmotic screw is used to hold, but, not compress the syndesmosis. Because the fibula
is posterior to the tibia the syndesmotic screw is angled from posterolateral to anteromedial in order to engage
the tibia. The foot is placed in dorsiflexion to bring the widest portion of the talus into the mortise. This screw in
placed just above the level of the tibiofibular ligament with 3 cortex purchase.

3.5: Wound Closure And Post-Operative Care

The wounds were irrigated and closed, deeper structures with absorbable suture material and superficial
layers with interrupted non-absorbable skin sutures or skin staples. Generally a well-paddeddressing with crepe
bandage was used to reduce hematoma formation with limb elevation with 2 pillows till the sutures were
removed. In case of K-Wire fixation of a malleolus or if a malleclus was left without fixation, a well-padded
below knee POP was applied for 3 weeks. Range of motion, strengthening andmobilization exercise were
included in the rehabilitation program. Sterile dressings were done at POD 2, 5, 9 and 12, with suture removal at
POD 12, depending on surgical wound and soft tissue condition. After six weeks progressive unrestricted weight
bearing was allowed.

3.6: Post — Operative Protocol

e |V antibiotics for 3 days.

e This was followed with oral antibiotics till suture removal.

e 1 wound inspection on second post- operative day.

e Check x-ray taken.

e Suture removal on 12" day.

e Non — Weight bearing mobilization started from 3™ post-operative dayand active ankle mobilization
exercises started.

e Non — Weight bearing mobilization continued for 6 weeks.

e Partial weight bearing after 6 weeks till 12 weeks, depending on fracture pattern and comorbidities.

e Full weight bearing walking started after 8 or 12 weeks, depending on fracture pattern, fixation and patient
tolerance.
e Patient with syndesmotic injuries were generally kept non-weight bearing for 6 to 8 weeks.
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e Syndesmotic screws were not removed before the start of weight bearing.

3.7: Post — Operative Evaluation

Atients were followed clinically and radiologically evaluated at 6 weeks. 12 weeks, 24 weeks and
thereafter, every year. Post-Operative evaluation of function and radiological outcome was done using the
Baird and Jackson scoring system. This score is based on the criteria ofpain, stability of ankle, ability to walk,
run and do work, ankle movements and radiological analysis.

Scores according to the Baird and Jackson scoring system

1. Excellent 96 - 100
2. Good 91-95

3. Fair 81-90
4, Poor 0-80

Maximum possible score — 100

IV. Results
Based on the Baird and Jackson scoring system, we graded our results as Excellent, Good, Fair and Poor. Our
results were,
Excellent - 9 Cases (30%)
Good - 11 Cases (37%)
Fair - 4 Cases  (13%)
Poor -6 Cases (20%)

This study shows a male predominance of 64% (19) over a female pecentage of 36(11). In our study,
the mean age group falls in the middle age (43yrs), with more number of patients between 30 and 50 yrs of age.
In our study, there is a right sided predominance of the fracture. Our study shows that slip and fall, accounting
to 53% of the total number of cases, is the most common cause for injury, followed by road traffic accidents. In
our study, Supination External Rotation (SER) mode of injury is the commonest fracture pattern with 33% of
total cases and Supination Adduction as the rarer presentation in 17% of the cases.Most of the cases in this study
presented to the hospital almost immediately following trauma, accounting to 83%, with 10% of the cases
presenting late. In our study, there is a delay of 2 — 7 days for surgical treatment for most cases. Depending on
various criteria like patients general condition, comorbidities, soft tissue condition at fracture site, etc. surgery
was done within 48 hours of trauma or delayed. This clearly showed that when surgery was done within the first
week following trauma, patients had a superior end functional and radiological result when compared with
patients who were operated after 1 week. Maximum medial malleoli fixations done using cancellous screws
alone (57%) and tension band wiring (27%). Maximum lateral malleoli fracture fixations done using plate
fixation (84%). Fewer cases were fixed with tension band wiring and K-Wire. One case was left unfixed and
was immobilized using a below knee POP slab for 3 weeks. A syndesmotic screw was needed to stabilize the
syndesmotic joint for 3 cases. Posterior malleolus needed operative fixation in 2 cases. Eight patients of 30 had
comorbidities, and 50% of that 8 had complications. Of the 22 patients without any known comorbidities, only 2
developed complications, accounting for only 9% of the cases without comorbidities.

Complications
We had our fair share of complications with 1 case of infection, 2 cases ofmalunion, 1 nonunion, 1 case
with delayed union and 1 case with wound dehiscence with infection.

VII: Tables

Cases and Results

Il Excellent

M Good
Fair

Il Poor

Table 1: showing the results
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Male Vs Female ratio

20 70%
1 60%
16
14 0%
12 40%
10
g 30%
6 20%
: 10%
2
0 0%
Male Female
. —
Table 2: showing the ratio of male and female population
Age groups

W 18-30

M 30-50

W 50-80

Table 3: showing the age distribution

Side
18
16
14
12
10
. Hright
M Left
7]
4
2
57% 43%
I ——
0
NUMBER OF PATIENTS PERCENTAGE

Table 4: showing the percentage of side involved
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Mode of injury

B Road Traffic Accident
W Slip &Fall
M Waork Accident

Table 5: showing the percentage of various modes of injury

Mechanism of fracture

10

8
5]
4
2
o]
Number Of Patients

M supination external rotation (SER)

M Pronation external rotation (PER)

M Pronation abduction (PAB)

M supination adduction (SAD)

Table 6: showing the mechanism of injury
Delay in presentation
30
25
20
15
10
5
2 3
0
NUMBER OF CASES

MiessThan 48 Hours M2to7Days M After 7 Days

Table 7: showing the delay in presentation from the time of injury
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Delay in surgery

14

12

10

Number Of Patients
B<2days M2-7days M>7days

Table 8: showing the time from presentation to the time of surgery

M cancellous Screws Alone
M Tension Band Wiring

[ K-Wire + Cancellous Screw
M Plating

M POP Stabilization Post Op

Table 9: showing the various methods used for medial malleolar fixation

M Plating

M Tension band wiring

B K-Wire

M POP Stabilization Post Op

Table 10: showing the methods of lateral malleolar fixation
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Complications

25
22
20

15

10

9%

Present Absent
B Mo Of Cases M Complications I Percentage

Table 11: showing the percentage of post-op complications

Number Of Cases

M Infection

M Malunion

M Wound Dehiscence
M Delayed Union

W Nonunion

[ No Complications

Table 12: showing various complications post-op

VII: figures
Case: 1
Type - Supination External Rotation FractureBaird And Jackson Score - 91
ROM - Dorsiflexion - 25 Degrees Result - Good
Plantar Flexion - 45 degrees Duration Btw Trauma AndSurgery- 3 Days
Comorbidities - None

ol
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SRIRAMACHANDRA MEDICAL CENTRE , PORUR CHENNA|

Pre OP Post OP
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6 Months post op
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Neutral position Bilateral Plantar Flexion

3 P 4
Bilateral Dorsiflexion Standing

Case: 2

Type— Supination External RotationBaird AndJackson Score - 97

ROM — Dorsiflexion - 25 DegreesResult - Excellent

Plantar Flexion - 45 DegreesDuration Btw Trauma And Surgery — 3 Days
Comorbidities - None
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PREMKUMAR R /DO02056343/ANKLE (RTIAPILAT X-RAY ! E4-ORTHOPAEDICSCA May-2013
SRIRAMACHANDRA MEDICAL CENTRE . PORUR CHENNAI

Pre OP Post Op

SRI RAMACHANDRA MEDICAL CE

6 Months Post Op
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1 Year Post Op

Feet In Neutral Position

Bilateral Feet on Plantar erxidﬁBiIateral feet on dorsiflexion

Case: 3

Type - Supination Adduction Baird And Jackson Score - 100

ROM — Dorsiflexion -30 Degrees Result - Excellent

Plantar Flexion - 40 DegreesDuration Btw Trauma And Surgery—1 Day
Comorbidities - None

JL M
Acc 795071

Acc 795071
14:28:18.000000 1428'55.000000

HARIHARAN -/0002050668/Leg (Lt) X-Ray - AP & LAT View/06-Apr-2013
SRI RAMACHANDRA MEDICAL CENTRE , PORUR CHENNAI
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HARIHARAN

6 Month Post Op 1 Year Post Op
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2 year follow up '

Neutral Position Bilateral Dorsiflexion

Bilateral Plantar Flexion
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Daily living activities

Case: 4

Type —Pronation AbductionBaird And Jackson Score - 77

ROM - Dorsiflexion - 20 Degrees Result - Fair

Plantar Flexion -40 Degrees Duration Btw Trauma And Surgery - 11 Days
Comorbidities - CAD, COPD, DM

Pre OP Post Op

MUNIRATHINAMIOO201541 44/ANKI MORTISE & AP/LAT / OP/17-Dec-2013
SRMC OP RADIOLOGY CHENNAI

3 Months Post Op
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SNAD! 5414481 yeswANCE (LT MORTISE § LAT7 0POSMiay 2014

"6 Months Post Op 1 Year Post Op

Feet In Neutral Surgery Site

Bilateral Dorsiflexion Bilateral Plantar Flexion

V.  Complications
We had 6 cases with complications which were followed up. Wound infection was seen in one case
(3%), malunion in one case (6%), wound dehiscence in one case (3%) with 3% delayed union and 3%
nonunionin this study, and this is related to the presence of comorbid conditions like diabetes mellitus,
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hypertension, etc. The study shows that there is a direct relationship between comorbidities and final scores in
patients. Around 50% of the cases with comorbid conditions developed complications, whereas only 9% of the
cases without any comorbidities developed complications. All cases with complications, developed a poor
result. This is similar to the results of Costigan et al. and Jones et al., who identified neuropathy and
hypertension as the most important predictors of postoperative complications in diabetic patients with ankle
fractures™.

The study had a malunion ratio of 6%, which shows that soft tissue condition at time of surgery, and
delay in surgery result in poorer results.Fogel et al. showed a higher rate of malreduction when surgical delay
exceeded 1 week for ankle fractures®.

X: Conclusions

Immediate open Reduction and Internal Fixation in ankle fractures yield good results in terms of
anatomical reduction, stability and Post Op functional return.Supination External Rotation injury is the
commonest mechanism of injury in our study. Patient operated early, only if soft tissue was good, in order to
have good functional outcome in closed ankle fractures. Delay in surgery tended to give a poorer result. Good
control of comorbidities decreased Post Op complications. Early return of ankle movements Post OP with
proper rehabilitation improved functional outcome. After a year of surgery, most patients experience little or
mild pain and have certain restrictions of functional activities. Patients who needed syndesmotic joint operative
stabilization, had poor outcomes at the end of one year as compared to those that needed fixation of only
bimalleolar fractures.
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